Obstructive sleep apnea syndrome is very prevalent in hypertensive subjects. Moreover, obstructive sleep apnea syndrome activates multiple processes that might be associated with silent cerebral infarct independently of established risk factors. Our aim is to estimate the frequency of obstructive sleep apnea syndrome in hypertensive patients with and without silent cerebral infarct, and to determine whether obstructive sleep apnea syndrome is an independent risk factor of silent cerebral infarct and/ or lacunar silent cerebral infarct in patients with hypertension. In this matched cross-sectional study performed in hypertensive subjects, each patient with silent cerebral infarct detected by magnetic resonance imaging was matched with two patients without silent cerebral infarct. Polysomnographic studies were performed, and the apnea-hypopnea index was calculated. Severe obstructive sleep apnea syndrome was considered in those with apnea-hypopnea index >30. One-hundred and eighty-three patients, 61 with silent cerebral infarct and 122 without silent cerebral infarct, were evaluated. The mean age was 64.1 AE 4.5 years, and 72.1% were men. The frequency of severe obstructive sleep apnea syndrome was 44.3% in patients with silent cerebral infarct and 38.5% in the control group. An adjusted conditional logistic regression model did not show a significant increased risk of silent cerebral infarct in patients with severe obstructive sleep apnea syndrome (odds ratio 1.362; 95% confidence interval: 0.659-2.813; P = 0.404). Forty-three patients (70.5%) of the silent cerebral infarct were lacunar. The presence of severe obstructive sleep apnea syndrome was significantly higher in lacunar silent cerebral infarct when compared with patients without lacunar infarcts (55.8% versus 35.7%, P = 0.019), being independently associated on an adjusted logistic regression model (odds ratio 2.177; 95% confidence interval: 1.058-4.479; P = 0.035). In conclusion, severe obstructive sleep apnea syndrome is highly prevalent among hypertensive subjects, and is independently associated with lacunar silent cerebral infarct.
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The prevalence of OSAS in hypertensive individuals is even higher than that observed in the general population (Calhoun and Harding, 2010) , reaching a mean prevalence of approximately 50% (Drager et al., 2010; Silverberg and Oskenberg, 2001 ).
There are many epidemiological studies (Floras, 2015) showing that OSAS is an independent risk factor for developing hypertension. According to the prospective Wisconsin Sleep Cohort Study (Peppard et al., 2000) , the presence of sleep apnea at baseline produced a significantly increased risk of developing hypertension 4 years later, after taking into account hypertension status at baseline, age, gender, body mass index (BMI), neck and waist circumference, weekly use of alcohol and cigarettes. The hazard ratio was 2.89 [95% confidence interval (CI) 1.41-5.64] for those with an apnea-hypopnea index (AHI) > 15 compared with subjects without apnea (Peppard et al., 2000) .
Obstructive sleep apnea syndrome is also associated with an increased risk of ischaemic stroke (Campos-Rodr ıguez et al., 2014; Ferre et al., 2013; Redline et al., 2010) . Nowadays it is known that approximately 8-28% of the healthy population has cerebral ischaemic lesions (silent cerebral infarcts or SCI) found as incidental findings in neuroimaging studies, mainly cerebral magnetic resonance imaging (MRI; Das et al., 2008; DeCarli et al., 2005; Kohara et al., 2003; Price et al., 1997; Schmidt et al., 2004 Schmidt et al., , 2006 Vermeer et al., 2002; Ylikoski et al., 1995) performed in asymptomatic patients. Their detection is important because they are associated with the risk of stroke and subsequent cognitive impairment (Vermeer et al., 2003) .
The most well-known risk factors for SCI are age and arterial hypertension. However, their relationships with other traditional risk factors for stroke are not so clear, and there may be factors not yet fully elucidated that can determine their occurrence. OSAS, given its high prevalence in hypertensive patients, could be potentially associated with SCI and subsequent stroke. However, independent effects of OSAS in relation to the presence of SCI have not been clearly established. There have been only a few studies evaluating the presence of SCI in patients with OSAS (Cho et al., 2013; Davies et al., 2001; Eguchi et al., 2005; Nishibayashi et al., 2008) . In two studies conducted in Asia (Cho et al., 2013; Nishibayashi et al., 2008) , clear associations were found between SCI and OSAS, although it should be emphasized that the Asian population has an increased risk of OSAS (Li et al., 1999) , and these data may not be fully extrapolated to the European population. It is noteworthy that in the study of Nishibayashi et al. (2008) , OSAS was associated with the lacunar subtype of SCI, and Cho et al. (2013) also found a significant association with lacunar SCI in patients over 65 years old. Therefore, OSAS might be a particularly relevant risk factor for lacunar SCI, which is the most common subtype of stroke in arterial hypertension.
The aim of this study is to estimate the frequency of OSAS in hypertensive patients with and without SCI in the Spanish population, and to assess whether OSAS is an independent risk factor for developing SCI in hypertensive patients, with special emphasis on lacunar subtype.
MAT ERIALS AN D METH ODS

Study design
This was a matched cross-sectional study to identify subjects with OSAS in a cohort of hypertensive subjects with and without SCI identified by brain MRI.
Standard protocol approvals, registrations and patients consents
The study protocol was approved by the Ethics Committee of Vall d'Hebron Hospital and IDIAP Jordi Gol (University Research Institute in Primary Care). Informed consent was obtained for all participants in the study.
Patient selection
The study was conducted in patients with essential hypertension routinely attended by primary care teams in the reference area of the Vall d'Hebron Hospital. Nine-hundred and seventy-six hypertensive individuals were included in the 'Investigating Silent Strokes in hYpertensives, a magnetic resonance imaging Study (ISSYS)' (Riba-Llena et al., 2013) . This study was aimed to determine the prevalence of silent brain infarcts and cognitive impairment in the hypertensive population. Inclusion criteria were as follows: (1) patients with essential hypertension diagnosed at least 1 year earlier; (2) age comprised between 50 and 70 years; (3) patients who gave their informed consent to participate in the study. Exclusion criteria were a previous history of stroke or dementia, suspicion of white coat syndrome or presence of a terminal disease precluding follow-up. On baseline, demographical and personal medical history was collected both by interview and by searching in primary care physicians' database. We recorded hypertension duration, diabetes mellitus, hyperlipidaemia, smoking habit, heart disease and peripheral artery disease. Regarding physical examination, some measures were taken and recorded, such as height, weight, waist circumference, and systolic and diastolic blood pressure. Our protocol and baseline characteristics of the study population have been previously published (Delgado et al., 2014; Riba-Llena et al., 2013) .
Among the 99 (10.1%) subjects identified with SCI in the study cohort, 61 of them agreed to undergo nocturnal polysomnography (PSG). Based on the results of a preliminary analysis (46% of patients with SCI versus 25% of patients without SCI had severe OSAS), to obtain a statistical power of 80% and a confidence level of 95%, it was necessary to make a 1 : 2 design. So, for each participant ª 2017 European Sleep Research Society with SCI, two controls were selected matching by age, sex, BMI and number of antihypertensive drugs, achieving a total sample size of 183 patients.
MRI
Our neuroimaging protocol has been previously detailed for the full cohort (Delgado et al., 2014) . All examinations were performed with the same 1.5 Tesla MR (Signa HDx 1.5, General Electrics). SCI were defined as lesions whose signal intensity was similar to cerebrospinal fluid in all pulse sequences, with a diameter ≥3 mm in their widest dimension and a hyperintense rim surrounding the lesion in FLAIR images. In addition to their presence/absence, frequency, location, size and laterality of SCI were also collected. SCI was considered lacunar based on their location and size as those SCI located in the territory of a perforating arteriole with a maximum diameter of 20 mm. Finally, the presence/absence of microhaemorrhages was rated according to BOMBS scale (Cordonnier et al., 2009) , and the existence, location and severity of white matter hyperintensities according to the Fazekas scale (Fazekas et al., 1987) .
Conventional nocturnal PSG
An overnight sleep study using digital PSG device Compumedics E-Series (Abbotsford, Australia) was conducted. The neurophysiological variables obtained were: recording of electroencephalography (EEG) (Fp1, Fp2, C3, C4, T3, T4, O1, O2, M1, M2); bilateral electrooculogram; submental electromyogram; electrocardiography and leg movements. Cardiorespiratory variables measured were: airflow (nasal pressure cannula and thermocouple); thoraco-abdominal effort (inductive bands); snoring (inductive); oxygen saturation and positioning.
Sleep and respiratory events were analysed manually according to the criteria established by the American Academy of Sleep Medicine (AASM; Berry et al., 2012) . Respiratory events were defined as: (1) OSA: ≥90% reduction or absence of airflow signal in thermocouple sensor lasting ≥10 s in the presence of respiratory effort detected by thoraco-abdominal bands; (2) central apnea: ≥90% or absence of airflow in thermocouple sensor signal lasting ≥10 s in the absence of respiratory effort detected by thoraco-abdominal bands; (3) mixed apnea: apnea starting with a central component and ending with an obstructive component lasting ≥10 s; and (4) hypopnea: discernible reduction (≥30% and ≤90%) of the airflow signal amplitude in the nasal cannula pressure sensor lasting ≥10 s, which is accompanied with oxygen desaturation ≥3% and/or an arousal in the EEG.
The AHI was calculated, and OSAS presence and severity were classified according to the AASM criteria as follows: normal: AHI ≤ 5; mild: AHI > 5 to ≤15; moderate: AHI > 15 to ≤30; and severe: AHI > 30 (Flemmons et al., 1999) .
Clinical scales
Patients underwent a series of clinical scales to assess their sleep quality (Pittsburgh Sleep Quality Index), the degree of daytime sleepiness (Epworth Sleepiness Scale), the risk of OSAS (Berlin questionnaire), and the effect of OSAS on the quality of life of patients (Quebec Sleep Questionnaire). The descriptions of these scales are detailed in Supporting Information.
Statistical analysis
Descriptive and frequency analysis were obtained, and comparisons were made by use of the SPSS statistical package, version 17.0 for Windows. Variables associated with SCI and lacunar SCI were assessed by Pearson's chi square or Fisher's exact test for categorical variables and the Student's t-test for continuous variables; clinical scales and variables not meeting normal distribution criteria (verified by QQ-plot and Kolmogorov-Smirnov test) were compared using the Mann-Whitney U-test. The associations between clinical scales and SCI were analysed considering the scores Correlations between numerical variables were assessed by the Spearman correlation coefficient. Then OSAS was analysed taking into account the different grades of severity according to the AASM criteria (Flemmons et al., 1999) . Given that it was observed as a threshold effect in its relationship with SCI, multivariate analysis was done considering severe OSAS (AHI > 30) as an independent variable. Therefore, to explore whether severe OSAS was independently associated with SCI, a multivariate conditional logistic regression analysis was performed, including as potential confounders the most common risk factors for stroke (diabetes mellitus, hyperlipidaemia, smoking habit, ischaemic heart disease and peripheral artery disease). Finally, as a secondary outcome we studied the association between severe OSAS and silent lacunar infarctions, compared with the rest of patients (non-SCI and non-lacunar infarctions).
Results are provided as odds ratios (OR) and 95% CI, and statistical significance was set at P < 0.05.
RESUL TS
One-hundred and eighty-three patients were evaluated, 61 with SCI and 122 without SCI. Baseline characteristics of patients according to the presence or absence of SCI are detailed in Table 1 . In both groups, 27.9% were women, with a mean age of 63.9 AE 4.6 years in patients without SCI and 64.5 AE 4.4 years in those with SCI. Regarding other baseline characteristics and risk factors there were no significant differences, except for coronary heart disease, which was more frequent in patients with SCI as compared with those without SCI (21.3% versus 8.3%, P = 0.012).
No significant differences were found comparing the different clinical scales of sleep between those with or without SCI (Table S1 ). Likewise, no differences were observed between those with and without SCI concerning sleep structure and respiratory events (Table 2) .
Patients with SCI had an overall AHI index very similar to the control group [22.5 (10.8-41.2) versus 22.2 (10.4-43), P = 0.628]. Considering OSAS severity (Fig. 1a) , only 13.1% of the SCI group and 10.7% of the control group presented with a normal AHI (<5); SCI patients had nearly the same percentage of moderate/severe AHI (>15) as the control group (65.6% versus 62.5%, P = 0.685), and severe AHI (>30) was higher in SCI patients (44.3% versus 38.5%, P = 0.410) but no significant differences were found. An adjusted conditional logistic regression model did not show an increased risk of SCI in patients with severe OSAS (OR: 1.362; 95% CI: 0.659-2.813; P = 0.404).
According to SCI characteristics, we found that the percentages of patients with lacunar SCI (P = 0.031) or with SCI located in the subcortical area (P = 0.009) were significantly increased with the OSAS severity (Table 3) . As a secondary outcome, we studied the sleep structure and respiratory events in those with lacunar SCI as compared with those with non-lacunar SCI or no SCI, and the results are shown in Table 4 . No significant differences were found in sleep structure. However, regarding respiratory events, lacunar SCI patients tend to have an oxygen desaturation index ≥4% (13.7 versus 8.6, P = 0.065) and ≥5% (11 versus 5.5, P = 0.055) higher than the rest of the patients. Moreover, patients with lacunar SCI also tended to have a higher global AHI (33.6 versus 20.6, P = 0.062). This is also shown in Fig. 1b , which represents the percentage of patients at each category of OSAS severity (no OSAS, mild, moderate or severe OSAS) according to lacunar SCI presence or absence. Patients with lacunar SCI tend to have a higher percentage of moderate/severe AHI (>15) than the rest of the patients (74.4% versus 60%, P = 0.086). These differences were most pronounced when only severe AHI (>30) was considered (55.8% versus 35.7%, P = 0.019).
Indeed, after performing a logistic regression analysis adjusted by vascular risk factors, severe OSAS was the only factor associated with lacunar SCI, independently of other potential confounders (OR = 2.177; 95% CI: 1.058-4.479; P = 0.035).
DISCUSSION
In our study we found that almost two-thirds of hypertensive patients without known previous stroke have a moderate/ severe OSAS (AHI > 15); this is much higher than other rates observed in previous studies (Calhoun and Harding, 2010) . Although the percentage of OSAS (and especially severe OSAS) was slightly higher in those with SCI, no differences were found as compared with controls considering all types of SCI. However, we found severe OSAS to be independently associated with lacunar SCI, after adjusting for potential confounders. This is relevant because the majority of SCI are thought to be related to cerebral small vessel disease. As a consequence of the high AHI, these patients had a high number of episodes of intermittent hypoxia.
It needs to be emphasized that this is the first study in a non-Asian population showing a clear relationship between OSAS and lacunar SCI in a community-based study. A previous study conducted in Europe found that in acute ischaemic stroke patients, those with higher grades of white matter hyperintensities or with the combination of white matter hyperintensities and SCI had more often sleep apnea assessed with a portable respiratory polygraphy. However, no relation was seen for SCI alone and respiratory parameters (Kepplinger et al., 2014) .
Our findings are similar to those shown in the Japanese study of Nishibayashi et al. (2008) and in the study of Cho et al. (2013) , where they found moderate OSAS as an independent risk factor for lacunar SCI although, in the latter, differences were only found in the subgroup of patients over 65 years old and in non-obese patients. Unlike in these two Asian studies (Cho et al., 2013; Nishibayashi et al., 2008) where differences were found from moderate/severe AHI (>15), we only showed differences considering severe OSAS (AHI > 30). This might be relevant, particularly considering that there are other studies showing an association between severe OSAS and ischaemic stroke or all-cause mortality (Muñoz et al., 2006; Yaggi et al., 2005) . Different criteria to classify OSAS severity might be underlying some of the differences observed between Asian and European studies. Asian studies (Cho et al., 2013; Nishibayashi et al., 2008) use simplified diagnostic equipment and apply different criteria for hypopnea definition as compared with the AASM recommendations (Collop et al., 2007) , resulting in an overall AHI underestimation.
In addition to its causal relationship with arterial hypertension, OSAS is also associated with other risk factors for ischaemic stroke, with probably intermittent hypoxia secondary to episodes of apnea-hypopnea being the main mechanism involved. Besides, arterial hypertension is related to a loss of cerebral vascular autoregulation, by affecting the penetrating arterioles supplying the brain and decreasing cerebral blood flow (Molina et al., 1999) . In this context, small vessels depend on their own mechanisms to adapt to barotrauma and microvascular damage might occur (hypertrophic vessel wall remodelling, lumen narrowing, rarefaction), which finally would lead to cerebral infarction. Also sympathetic tone might be increased when intermittent hypoxia occurs, this might worsen vasoconstriction and lead to further ischaemic lesions, especially concerning these terminal arteries. Other mechanisms involved in the relationship between OSAS and SCI might include arterial stiffness (Drager et al., 2007) , hypercoagulability (von K€ anel and Dimsdale, 2003) and rhythm disorders, particularly atrial fibrillation (Gami et al., 2007) . Here, we described that patients with silent lacunar infarcts have both more sleep apnea-hypopneas and more oxygen desaturation episodes than patients without lacunar infarcts. Both may contribute to increase the damage in small brain vessels, favouring a faster development of arteriolosclerosis and the appearance of lacunar infarctions. Future studies would need to consider the research of metabolic and endothelial dysfunction markers in order to better understand the relationship between OSAS and silent lacunar infarctions. Identifying and treating patients with SCI is important as they are at higher risk of stroke and dementia. For this reason we believe that our results may be relevant for clinical practice because OSAS might be a new treatable risk factor for SCI. Continuous positive airway pressure treatment eliminates obstructive episodes of upper airway and its consequences (intermittent hypoxia, fluctuations in blood pressure and in cerebral blood flow). Several studies have shown better control of arterial hypertension in patients with OSAS when they are treated (Montesi et al., 2012) and the reversibility of the other associations previously mentioned (Sanchez de la Torre et al., 2013) .
In our study, despite having a poor quality of sleep assessed with the Pittsburgh scale and a high number of arousals and nocturnal awakenings, most patients do not show daytime sleepiness. Therefore, our results support considering a sleep study to screen for OSAS as a risk factor for lacunar SCI in all hypertensive subjects, regardless of the presence of daytime sleepiness.
This study has certain limitations. One of them is that the study design does not allow us to establish causality between OSAS and lacunar SCI because of its cross-sectional nature. Furthermore, our results concerning the association between severe OSAS and silent lacunar infarctions should be replicated in larger studies with optimal representation of all OSAS severity groups. Ideally, these studies will need to be performed in independent cohorts. Another limitation, though minor, is that there are a high number of males in the sample (72.1%), therefore caution is needed in order to generalize these results to the whole hypertensive population. Residual confounding related to our selection procedures cannot be totally ruled out.
In conclusion, given the high prevalence of OSAS in hypertensive patients and its association with the presence of lacunar SCI, it is necessary to have a high level of suspicion for early detection. Randomized controlled trials might be needed to assess whether appropriate therapeutic measures help to prevent new vascular events and cognitive decline in this high-risk population.
SU PPORTI NG I NFOR MA TION
Additional Supporting Information may be found online in the supporting information tab for this article: Table S1 . Association between clinical sleep scales and the presence of SCI.
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